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PROCESS FOR PREPARING FLORFENICQL. ITS ANALOGS 
AND OXAZOLINE INTERMEDIATES THERETO 

FIELD QF THE INVENTION 

The present invention relates to a novel process for 
preparing florfenicol, its analogs and oxazoline intermediates thereto. 

15 BACKGROUND OF THE INVENTION 

Florfenicol, also known as [R-(R*,S*)]-2,2-dichIoro-/V-l1-(fluoromethyl)-2- 
hydroxy-2-[4-(methylsulfonyl)phenyl]ethylacetamide, is a broad 
spectrum antibacterial agent useful in the treatment of gram positive, 
gram negative and rickettsial infections as disclosed in U.S. Patent 

20 4,361 ,557. The preparation of various oxazoline intermediates of 
florfenicol have been taught in U.S. Patents 4,876,352; 4,743,788; 
4,743,700 and Patent Cooperation Treaty (PCT) International 
Application Number PCT/US89/03827 having an international filing date 
of September 1 2, 1 989 (12.09.89). Although a number of the above 

25 references teach efficient processes for preparing florfenicol, related 
analogs or processes for preparing their oxazoline intermediates, it 
would be desirable to provide a process which is even more efficient 
and economical by using fewer and/or less expensive starting materials, 
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and which is less labor intensive by using fewer man-hours and simpler 
apparatus. 

SUMMARY 

In one embodiment, the present invention is directed 
toward a process for preparing a compound of formula (IV): 



wherein Z represents H, halo, nitro or H3CSOX-. wherein x is 0, 1 or 2, 
comprising 

a) contacting an oxazoline compound of formula (I): 



wherein Z is as defined hereinbefore, with a reagent capable of causing 
an equilibrium between oxazoline compound (I) and an oxazoline 




S 



(IV) 




(I) 



compound of formula (II): 
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wherein Z is as defined hereinbefore, and the reagent drives the 
equilibrium toward oxazoline compound (II) by preferential precipitation 
of oxazoline compound (II); 

b) contacting compound (II) with a fluorinating agent to give a 
fluorinated oxazoline compound of formula (III): 




wherein Z is as defined hereinbefore; and 

c) hydrolyzfng compound (III) to compound (IV). Each arrow points 
to a carbon atom which is an asymmetric center giving rise to either the 
• R or S stereoisomer configuration. 

In a second embodiment, the present invention is directed 
towards a process for preparing a fluorinated oxazoline compound of 
formula (III): 
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wherein 2 represents H, halo, nltro or HaCSOx-. wherein x Is 0, 1 or 2, 
comprising 

a) contacting an oxazoline compound of formula (I): 




(0 



CHCfe 



wherein Z is as defined hereinbefore, with a reagent capable of causing 
an equilibrium between oxazoline compound (I) and an oxazoline 
compound of formula (II): 

CHCfe 




10 

wherein Z is as defined hereinbefore, and the reagent drives the 
equilibrium toward oxazoline compound (II) by preferential precipitation 
of oxazoline compound (II); and 

b) contacting compound (II) with a fluorinating agent to give 
1 5 fluorinated oxazoline compound (III). 
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in a third embodiment, the present invention is directed toward a 
process for preparing an oxazoline compound of formula (II): 




5 wherein Z represents H, halo, nitro or H3CSOX-, wherein x is 0, 1 or 2, 
comprising contacting an oxazoline compound of formula (I): 



OH R 




wherein Z is as defined hereinbefore, with a reagent capable of causing 
10 an equilibrium between oxazoline compound (I) and oxazoline 

compound (II), and the reagent drives the equilibrium toward oxazoline 

compound (II) by preferential precipitation of oxazoline compound (II). 

The process of this embodiment is equivalent to step (a) of the above 

processes. Preferably, the equilibrium driving reagent is a protic solvent 
1 5 and ammonia or an ammonium salt. Also preferred is that the protic 

solvent is isopropanol and the ammonium salt is ammonium acetate. 
In another mbodiment, oxazoline compound of formula (I) is 

prepared by contacting an aminodiol of formula (V): 
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wherein Z is defined hereinbefore, with dichloroacetonitrile and an 
alcohol, and optionally in the presence of a catalytic amount of an acid, 
to give a mixture containing oxazoline compounds (I) and (It). 
5 The present invention has the advantage of being more 

efficient and economical than other processes for preparing florfenicol, 
its analogs and oxazoline intermediates thereto, by using fewer or less 
expensive starting materials. Another advantage is that various 
embodiments of the present process are less labor intensive because 
1 0 they can reduce the amount of time or reduce the need for specialized 
equipment which would otherwise be required to prepare such 
compounds. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
1 5 When utilized in the present specification and in the 

appended claims the terms listed hereinbelow, unless otherwise 

indicated are defined as follows: 

The term "equilibrium driving reagent" refers to any 

substance, including mixtures of compounds, which is capable of 
20 causing an equilibrium between oxazoline compound (I) and oxazoline 

compound (II), wherein the reagent drives the equilibrium toward 

oxazoline compound (II) by preferential precipitation of oxazoline 

compound (II). That is, in a reaction mixture containing oxazoline 
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compound (I) or a mixture of oxazoline compound (I) and oxazoline 
compound (II), the equilibrium driving reagent will cause the equilibrium 
and then drive the equilibrium to favor formation of compound (II) at the 
desired completion of the reaction, such that the molar ratio of oxazoline 
5 compound (II) to oxazoline compound (I) is about 80:20 (11:1), preferably 
about 90:1 0, more preferably about 95:5, most preferably about 99:1 . 

The term "equilibrium" is intended to mean a condition in 
which the reaction of oxazoline (I) to oxazoline (II) and its opposite or 
reverse reaction occur at the same rate, resulting in a constant 

1 0 concentration of reactants, as defined in G. G. Hawley (Rev.), The 

Condensed Chemical Dictionary, 10th Edition, Van Nostrand Reinhold 
Co., New York, New York, <1 981 ), 1 1 34 pp. 

. The term "protic solvent" is intended to mean a hydrogen- 
bonding solvent, as defined in James B. Hendrickson, Cram, Donald J., 

1 5 and Hammond, George S., Organic Chemistry, McGraw Hiil Book 
Company, New York, New York, (1970), 1279 pp. The solvent should 
preferably, but not necessarily, be capable of precipitating oxazoline (II) 
out of solution. Such solvents include, but are not limited to, water, C-1 
to C-10 alkanoic acids such as formic acid (HCOOH), acetic acid and the 

20 like, C-1 to C-1 0 alcohols such as methanol and ethanol, and mixtures 
thereof. Alternatively, the protic solvent can be admixed with any 
suitable cosolveht in order to effect precipitation of oxazoline compound 
(II). Such cosolvents can include other protic solvents or solvents which 
are miscible with the protic solvent such as C-4 to C-10 alkanes, 

25 aromatic solvents such as benzene, toluene, xylenes, halobenzenes 
such as chlorobenzene, and ethers such as diethylether, tert- 
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butylmethylether and isopropylether, or mixtures of any of the above 
solvents or cosolvents. 

The term "ammonia" refers to the colorless gas defined by 
the formula NH3. The ammonia can be added as a solution of the gas in 
5 a suitable solvent or as the by-product of a previous reaction. 

The term "ammonium salt" refers to a salt of the formula 
NH4+X-, wherein X" is any suitable anion such as chforo, bromo, iodo, 
sulfate, hydrogen sulfate, phosphate, hydrogen phosphate, dihydrogen 
phosphate, acetate, propionate, butyrate, isobutyrate, oxalate, benzoate, 

1 0 benzenesulfonate and alkylsulfonates having 1 to 4 carbon atoms in the 
alkyl group. Alternatively, the ammonia can be admixed with the 
ammonium salt. The source of the ammonia or ammonium salt can also 
be generated in-situ, such as in the preparation of oxazoline compound 
(I) from a cyano reagent and an amino alcohol as described in U.S. 

1 5 Patent 2,759,001 , whose preparative teachings are incorporated herein 
by reference. 

The Ishikawa Reagent is 1,1, 2,3,3,3- 
hexylfluropropyldiethylamine in a methylene chloride solution in a 
weight ratio of 20 to 60% (weight /weight). 
20 The procedure for preparing these compounds can be 

represented as follows: 
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in step (a), oxazoline compound (II) is prepared by contacting oxazoline 
compound (I) or a mixture of oxazoline compound (!) and oxazoline 
compound (II) with an equilibrium driving reagent to give oxazoline (II). 
5 The equilbrium driving reagent can be contacted with oxazoline (I) in 
amounts ranging from excess amounts to about 0.1 mole of equilibrium 
driving reagent per mole of oxazoline compound (I), preferably from 
about.two moles to one mole equilibrium driving reagent, more 
preferably equimolar amounts of equilibrium driving reagent to 
1 0 oxazoline compound (I). In carrying out step (a), oxazoline (I) can also 
be admixed with varying amounts oxazoline (II) before contacting with 
the equilibrium driving reagent. The contacting of the reactants can be 
carried out at temperatures ranging from about room temperature to the 
refluxing temperature of the solvent employed, preferably from about 50 
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to about 60 degrees Celcius (°C), at ambient pressures. The reactants 
can be stirred for a period ranging from about one hour to about 24 
hours or more, or until the desired completion of the reaction. The 
desired precipitated oxazoiine compound (II) can be recovered by 
5 filtration, centrifugation, drying under vacuum or by removal of any 
solvents from the reaction mixture. 

In step (b), fluorinated oxazoiine compound (III) can be 
prepared by contacting oxazoiine compound (II) with a suitable 
fluorinating agent to give fluorinated oxazoiine (111), under conditions as 

1 0 described, for example, in U.S. Patent 4,876,352 whose preparative 
teachings are incorporated herein by reference. In this procedure, 
oxazoiine compound (II) is contacted with an Oja-difluoroalkylamine 
fluorinating agent under pressure to give fluorinated oxazoiine (III). 
Other alternative fluorinating agents can be employed, such as 1- 

1 5 diethylamlno-1 , 1 -dif lu0ro-2-chloro-2-fluoro-ethane (FAR), phosphorus 
fluorides, hydrofluoric acid, an inorganic fluoride in a polygrycol and the 
like, as disclosed in U.S. Patents 4,743,788; 4,743,700 and European 
Patent Application 130,633, whose preparative teachings are 
incorporated herein by reference. 

20 In step (c), the desired compound (IV) can be prepared by 

hydrolyzing fluorinated compound (III) with an acid. In compound (IV), 
when Z = -SO2CH3, compound (IV) is known as florfenicol. Such acids 
can include but are not limited to hydrochloric, sulfuric, phosphoric, 
acetic, propionic and the like. The acid can be employed to adjust the 

25 pH of the reaction medium between 1 and 7, preferably at a pH of 4. 
Hydrolysis can be carried out at a temperature ranging from room 
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EXAMPLE 1. Step (a): Driving the equilibrium to D-(-) : threo-2- 

(dichloromethyI)-4 t 5-dity^ 

oxazoiemethanot (II) 




A slurry of 1.00 gram (g) of D-threo-2-(dichloromethyi)-4 f 5-dihydro-a-[4- 
(methylsulfonyl)phenyl]-4-oxazolemethanoI (I) in 2 milliliters (ml) of 

1 0 isopropanol saturated with ammonia is stirred at a temperature of 80°C 
for 2 hours (hr). With vigorous stirring 10 ml of n-heptane is added over 
a period of two minutes. The reaction mixture is then stirred at 60-65°C 
for 18 hr, cooled to 0-5°C and the solids are collected by filtration and 
washed with n-heptane and dried under vacuum at 50°C to give 950 

1 5 milligrams (mg) of the title compound (95 percent (%) yield). 

Step (b): Preparation of (AS.SRJ^-dichloromethyl-^-tmethylsulfonyl)- 
phenyl]-4-fluoromethyl-1,3-oxazoline (III) by fluorination 
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(II) OH) 



A 30 ml non-stirred pressure bomb equipped with a Teflon® insert 
(trademark of the DuPont E. Nemours Co., Wilmington Delaware) is 
charged with 2.0 g D-(-)-threo-2-(dichloromethyl)-4,5-dihydro-5-[4- 
5 (methylsulfonyl)phenyl]-4-oxazolemethanol (II) from step (a). The bomb 
is then charged with 10 ml methylene chloride and 8.15 g Ishikawa 
reagent methylene chloride solution having an assay of 23.9% purity. 
The bomb is sealed, placed into an oil bath heated to 100°C and heated 
for 2 hr. The bomb is removed from the oil bath, cooled to 0°C in an 
1 0 ice/water bath and the contents containing the title compound (III) are 
transferred to a 250 ml round bottom flask equipped with a magnetic 
stirrer. 

Step (c): Preparation of [R-(R*,S*)]-2,2-dichloro-yv-[1-(fluoromethyl)-2- 
hydroxy-2-[4-(methylsulfonyl)phenyl]ethy1acetamide (IV) 
1 5 (te- florfenlcol) by hydrolysis 
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CHCfe 




The 250 ml round-bottom flask in step (b) is charged with 0.15 g 
potassium acetate, 2.0 ml of methanol are added with agitation and the 
contents of the flask are concentrated under vacuum to one-half the 
5 volume. Ten milliliters of isopropanol/water (65:35, volumecvolume 
basis) are added to the flask and any remaining methylene chloride is 
removed by vacuum concentration. An additional 10 ml 
isopropanol/water (63:35) is added to the flask and the mixture is stirred 
at room temperature for 1 0 hr at pH 3.5 to 4.0. Hydrolysis of the (4S.5R)- 

1 0 2-dichloromethyl-5-[4-(methylsulfonyl)phenyi]-4-fluoromethyI-1 ,3- 
oxazoline (III) is monitored by high pressure liquid chromatography 
(HPLC). The contents of the flask are concentrated over vacuum to one- 
half the volume to give a heavy precipitate, which is cooled overnight in 
a refrigerator. The precipitate is vacuum filtered, washed with 20 ml 

1 5 water, and dried at 50°C under vacuum for 1 8 hr to give 1 .93 g (85.7% 
yield)of title product (IV) having a purity of 90.9%. 

EXAMPLE 2 . Step (aV Driving the equilibrium to D-(-)-threo-2- 

(dichloromethyl)-4,5-dihydro-5-[4-(methylsulfonyl)phenyl]-4- 
20 oxazolemethanol (II) 
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To a 30 ml isopropanol solution saturated with ammonia is added 20 g 
of D-(-)-threo-2-(dichloromethyl)-4,5-dihydro-a-I4- 
(methylsulfonyl)phenyl]-4-oxazolemethanol. The reaction mixture is 
stirred at 80°C for 3 hours and then at 60°C for 1 6 hours. After the 
5 reaction mixture is cooled to 5°C, the precipitates are filtered and 

washed with hexane to afford, after drying at 55°C under vacuum, 17.3 g 
(88% yield) of the title compound (II) with a purity of 98.8%. 

Step (b): Preparation of (4S,5R)-2-dichloromethyl-5-[4-(methylsulfonyl)- 
1 0 phenyl]-4-fluoromethyl-1 ,3-oxazoline (III) by fluorination 

A 300 ml non-stirred pressure bomb is charged sequentially with 38 g of 

D-(-)-threo-2-(dichloromethyl)-4,5-dihydro-5-l4-(methylsulfonyl)phenyl]- 

4-oxazolemethanol (II) from step (a), 155 ml of methylene chloride, 71 g 

of Ishikawa reagent methylene chloride solution having an assay 53% 

1 5 (weight/weight). The bomb is sealed, placed in a 100°C oil bath and 
heated for 1.5 hours. The bomb is removed from the oil bath, cooled to 
25°C and the contents are transferred to a 500 ml separatory funnel 
containing 80 ml of water and 5 ml of 50% NaOH. The mixture is 
agitated and the layers are split. The organic layer is washed with 

20 another 60 ml of water. After separating the layers, the organic layer 
containing the title compound (III) is transferred to a 500 ml round bottom 
flask equipped with a stirrer. 

Step (c): Preparation of lR-(R*,S*)]-2,2-dichloro-/V-[1-(fluoromethyl)-2- 
25 hydroxy-2-[4-(methylsulfonyl)phenyl]ethylacetamide (ie. florfenicol). 
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The organic layer from step (b) is concentrated under vacuum and 114 
ml isopropanol and 76 ml of water are added to the flask. The pH of the 
isopropanol/water solution is adjusted to between 8.5 and 9.0 with 
ammonium hydroxide (NH4OH) and the mixture is heated at 70 -75°C 
5 for 1 5 minutes. Acetic acid is added to adjust the pH to between 4.0 and 
5.0 and the mixture is heated to 70-75°C for 3 hours to hydrolyze the 
(4S,5R)-2-dichloromethyl-5-[4-(methylsulfonyI)phenyI]-4-fluoromethyU 
1 ,3-oxazoIine (III). After the hydrolysis is completed, 80 ml of water are 
added and the mixture is agitated for 2 hours at 25°C. The precipitates 
1 0 are collected by filtration and washed with cold isopropanol/water (1 :1 ) 
to give, after drying at 55°C under vacuum for 16 hours, 33.63 g (82.1% 
yield) of the title compound (IV) with a purity of 98.4%. 

PREPARATION OF STARTING MATFR1A1 S 

1 5 The oxazoline starting materials of formula (I) are known to those 

skilled in the art. Analogous methods for preparing oxazoline 
compound (I), particularly in admixture with oxazoline compound (II) are 
taught in U.S. Patents 2,759,001 and 4,235.892. European Patent 
Application 130,633 and in H. Witte and Wolfgang Seeligar, Formation 

20 of Cyclic Imidic Esters by Nitrites with Amino Alcohols, Liebigs Ann. 
Chem. pp. 996-1009, (1974), whose preparative teachings are 
incorporated herein by reference. 
A typical preparation is illustrated as follows: 
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CHCfc 




In the above illustration, oxazoline compound of formula (I) is prepared 
by contacting an aminodiol of formula (V) wherein Z is defined 
hereinbefore, preferably where Z=* H3CSO2*, with dichioroacetonitrile 
5 and an alcohol, and optionally in the presence of a catalytic amount of 
an acid, to give a mixture containing oxazoline compounds (I) and (II). 
Suitable alcohols include the C-1 to C-10 alcohol such as methanol, 
ethanol, isopropanol and the like. Optionally and preferably a catalytic 
amount of an organic add, ie. PTSA, acetic, and the like or a mineral 

1 0 acid mineral, ie. sulfuric, hydrochloric, phosphoric, and like can be 
employed. The reactants can be contacted at an temperature effective 
to prepare a mixture containing oxazoline compounds (I) and (II), 
generally between about 50-80°C. The temperature can be raised or 
lowered to modify the purity of oxazolines (II) and (I) and their ratios. For 

1 5 example, the temperature of the reaction mixture can be heated to 70°C 
for one to two hours and then lowered to 50°C overnight to give a 
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mixture of oxazolines (II) and (I), in which the amount of oxazoiine (II) 
formed is greater than the amount of oxazoiine (I). 

Preparative Example. Mixture of D-(-Hhreo-2-(dichloromethyl)-4, 5- 
5 dihydro-5-[4-(methylsulfonyl)phenyl]-4-oxazolemethanol (II) and 

D-threo-2-(dichloromethyl)-4 f 5-dihydro-a-[4-(methylsulfonyl)phenylJ-4- 
oxazolemethanol (I) 




1 0 Equip a 500 ml 3-neck round bottom flask with an overhead stirrer, 
condenser, thermometer, nitrogen (N2) overlay and baths for cooling 
and heating. Charge 130 ml of Isopropanol to the flask. With agitation, 
charge 50.4 g dichloroacetonitrile to the flask and wash the residue in a 
weighing beaker with 20 ml of isopropanol into the flask. With agitation, 

1 5 charge 5 ml of concentrated sulfuric acid to the flask, maintaining the 
temperature less than 32°C by use of an ice water bath. Cool to about 
25°C and charge 100 g D-(-)-threo-2-amino-1-[4-methylsulfonyl)phenyl]- 
1,3-propanediol to the reaction flask in amounts sufficient to maintain a 
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smooth stirring. Heat the reaction slurry to 70°C and maintain at this 
temperature for 1 .5 hours to give title compounds (II) and (I) in a ratio of 
70:30 (ll:l). 
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WHAT IS CLAIMED IS: 



1 . A process for preparing a compound of formula (IV): 



10 




R NHCOCHCfe 
(IV) 

wherein 2 represents H f halo, nitro or H3CSOX-. wherein x is 0, 1 or 2, 
comprising 

a> contacting an oxazoiine compound of formula (I): 




CHCIg 



wherein Z is as defined hereinbefore, with a reagent capable of causing 
an equilibrium between oxazoiine compound (I) and an oxazoiine 
compound of formula (II): 




1 5 wherein Z is as defined hereinbefore, and the reagent drives the 

equilibrium toward oxazoiine compound (II) by preferential precipitation 
of oxazoiine compound (II); 
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b) contacting compound (II) with a fluorinating agent to give a 
fiuorinated oxazoline compound of formula (III): 




5 wherein Z is as defined hereinbefore; and 

c) hydrolyzing compound (III) to compound (IV). 



2. A process for preparing a fiuorinated oxazoline compound of 
formula (III): 




10 £ - ^ (III) 

wherein Z represents H, halo, nitro or H3CSOX-, wherein x is 0, 1 or 2, 
comprising 

a) contacting an oxazoline compound of formula (I): 




R N= =/ 



15 



(I) 



CHCfe 
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wherein Z is as defined hereinbefore, with a reagent capable of causing 
an equilibrium between oxazoline compound (I) and an oxazoline 
compound of formula (II): 




5 wherein Z is as defined hereinbefore, wherein the reagent drives the 
equilibrium toward oxazoline compound (II) by preferential precipitation 
of oxazoline compound (II); and 

b) contacting oxazoline. compound (II) with a fluorinating agent to 
give fluorinated oxazoline compound (III). 
10 3. A process for preparing an oxazoline compound of formula (II): 

CHCfe 




(II) 

wherein Z represents H, halo, nitro or H3CSOX-, wherein x is 0, 1 or 2, 
comprising contacting an oxazoline compound of formula (I): 



15 
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(I) 

wherein Z is as defined hereinbefore, with a reagent capable of causing 
an equilibrium between oxazoline compound (I) and oxazoline 
compound (II), wherein the reagent drives the equilibrium toward 
5 oxazoline compound (II) by preferential precipitation of oxazoline 
compound (II). 

4. The process of claims 1-3 wherein the equilibrium driving reagent 
is a protic solvent and ammonia or an ammonium salt. 

5. The process of claims 1-4 wherein the protic solvent is water, a C- 
10 1 to C-10 alkanoic acid, a C1-C10 alcohol or mixtures thereof. 

6. The process of claims 1-5 wherein the C-1 to C-10 alcohol is 
isopropyl alcohol. 

7. The process of claims 1-6 wherein Z represents H3CSO2-. 

8. The process of claims 1 -7 wherein oxazoline (II) is recovered by 
1 5 precipitating and filtering oxazoline (II) from the reaction mixture. 

9. The process of claims 1 -8 wherein oxazoline compound (I) is 
admixed with oxazoline compound (II) prior to contacting with the 
equilibrium driving reagent. 

1 0. The process of claims 1 -9 wherein prior to step (a), oxazoline 
20 compound of formula (I) is prepared by contacting an aminodiol of 

formula (V): 



92/07824 



PCT/US91/07608 



-24- 




wherein Z is defined hereinbefore, with dichloroacetonitrile and an 
alcohol, and optionally in the presence of a catalytic amount of an acid, 
to give a mixture containing oxazoline compounds (I) and (II). 
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